Objectives: To evaluate the feasibility of a randomized-controlled trial (RCT) investigating the effects of adding auricular acupuncture (AA) to exercise for participants with chronic low-back pain (CLBP).
N ational and European guidelines advocate that activity is undertaken alongside adequate pain control to help promote active self-management strategies during recurrent exacerbations of chronic low-back pain (CLBP).
1,2 However, results from an European survey on chronic pain found that 79% of people experienced pain from activity and 64% described their medication as inadequate. 3 In addition, there is evidence that adherence to exercise-based treatment programs is often poor due to ongoing and exercise-induced exacerbations in pain. [4] [5] [6] [7] International evidence supports the use of acupuncture as an adjunct to usual care for people with CLBP 2, [8] [9] [10] and it is 1 of 3 treatments (along with manual therapy and supervised exercise) recently recommended for CLBP in the UK National Institute for Health and Clinical Excellence guidelines. 2 Despite such recommendations, the effect of acupuncture when combined with the other treatments (eg, supervised exercise) is unclear. 2 A novel, potentially costeffective way of combining acupuncture with supervised exercise is the use of auricular acupuncture (AA) which has certain advantages. It is relatively quick and easy to administer, and allows the patient to self-treat at home as the needles can remain in situ for more than 7 days. 11 AA in combination with usual care has previously been shown to significantly reduce pain and analgesic intake in postoperative hip and knee surgery, and in CLBP. [12] [13] [14] Evidence supports the use of exercise-based treatment programs for CLBP, 2, 6 in particular group-based programs. 15 However, to encourage adherence to such programs, there is a need for adequate pain control during exercise. [3] [4] [5] [6] [7] AA may be a useful adjunct to exercise in managing CLBP, as it provides pain relief while allowing people to continue with their daily activities. There is currently only limited evidence of the effects of AA for CLBP. Furthermore, to date, there have been no studies examining the adjuvant effect of AA when used alongside an evidence-based exercise program. Given the convenience of AA, coupled with a group-based exercise program, it may be possible that this adjuvant intervention could be a potential cost-effective treatment.
The aim of this study was to test the feasibility of a randomized-controlled trial (RCT) to investigate the effectiveness of adding manual AA to an evidence-based group exercise program for people with CLBP compared with a group exercise program alone.
To determine the most effective design for a future fully powered RCT, our feasibility study had the following objectives: (1) Identify the rate of participation and referrals from various recruitment routes; (2) Determine recruitment and retention rate; (3) Pilot methodological procedures; (4) Identify participants' use of a free telephone advice and support service; (5) Complete a qualitative exploration of trial procedures and design; (6) Confirm training and monitoring requirements for a main trial; (7) Determine the approximate effect size of each package.
MATERIALS AND METHODS
Ethical approval was obtained from the Northern Ireland Office for Research Ethics Committee (trial registration number 06/NIR02/68). Exercise classes were held in a purpose built gym at the Centre for Rehabilitation Research, University of Ulster, Northern Ireland.
Study Population
Individuals diagnosed with nonspecific CLBP who fulfilled the inclusion/exclusion criteria (Table 1) were recruited. As this was a feasibility trial, participants were recruited from primary care by a number of methods (retrospective General Practitioner (GP) referral, prospective GP referral, physiotherapy waiting list) and the university staff/student population (for further details see McDonough et al 19 ). All participants were provided with a trial information sheet, and provided written informed consent.
Randomization
Consenting participants were randomized, by cohort, to 1 of 2 treatment groups (exercise alone or exercise and AA) using a computer-generated random allocation sequence. The trial statistician, who was not involved in the administration of treatment or collection of outcomes, generated the schedule for the random allocation sequence. The allocation sequence was held in a secure cabinet only accessible to the trial statistician. To investigate whether treatment preference had any influence on outcomes, each participant was asked which treatment he or she would prefer to receive before randomization. Due to the nature of the interventions, it was not possible to blind participants or treatment providers.
Physiotherapists
Treatment was provided by 2 chartered physiotherapists. The training that the physiotherapists undertook has been detailed previously. 
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Interventions
Both groups received a 12-week intervention program consisting of 6 weeks supervised exercise followed by 6 weeks unsupervised exercise with telephone support. All participants were advised to continue their normal daily activities and medication but were requested to avoid all other forms of treatment during the study period.
Exercise Group
The exercise class, facilitated by chartered physiotherapists, followed a group-based format (maximum participants per cohort n = 10) similar to the "Back to Fitness" program, 20 which was also used in the UK Back Pain Exercise and Manipulation (BEAM) trial. 21 Participants attended a supervised group exercise session lasting for 1 hour a week for 6 weeks. The exercise program consisted of a 10-minute warm-up, a series of exercise stations involving core strengthening, flexibility and cardiovascular exercise, and a 10-minute cool down and period of relaxation. Each exercise station consisted of 3 levels: easy, moderate, and hard. Participants spent 1-minute at each exercise station for the first 2 weeks. This was then increased to 90 seconds per station for weeks 3 to 4, and 2 minutes per station for weeks 5 to 6. Participants were encouraged to exercise at a "somewhat hard" intensity as indicated on the Borg Rating Scale of Perceived Exertion, copies of which were displayed around the gym. 20 The physiotherapist emphasized to participants that the supervised exercise classes were a stepping stone to selfdirected activity and emphasized some of the key messages from The Back Book 22 on how to self manage their back pain; each participant received a copy of The Back Book. With the aid of the physiotherapist, each participant set short and long-term treatment goals. The aim of agreeing such goals was to gradually include activities or postures that the participant had been avoiding because of their LBP and increasing their general physical activity levels.
In addition, we reinforced this approach by using the Back Book 22 (also used in the BEAM trial), to reinforce the message to remain active despite pain, and develop positive coping strategies in the event of an exacerbation of symptoms. Messages from The Back Book 22 were placed on the walls in the gym and waiting area to reinforce key points.
The exercise class used in our study followed a groupbased format based on the "Back to Fitness" program, 20 which was also used in the UK BEAM trial. 21 This exercise program is underpinned by cognitive-behavioral therapy (CBT) principles designed to change participants behavior by modifying their attitude to their LBP, that is "hurt" does not mean harm. 15, 23 During the classes, the physiotherapists used these CBT principles to identify and combat illness behaviors, and to address fear-avoidance (of physical activity) behavior in particular. Each participant received a copy of The Back Book 22 (also used in the UK BEAM Trial 21 ) to reinforce the message to remain active despite pain, and develop positive coping strategies in the event of an exacerbation of symptoms. Participants were encouraged to accept responsibility for determining and carrying out their weekly program of activity. Further details of the components of the exercise program were published previously. 19 
Exercise and AA Group
In addition to the procedures outlined above, participants in the EAA group also received manual AA for the first 6 weeks of the trial. Before each exercise class, participants received manual AA using conventional auricular stud needles were asked to leave the needles in for 48 hours. Stud needles consisted of a vertical shaft that inserts into the ear, and an external component that is a horizontal circular piece of metal that sits flat onto the surface of the ear; this flat circle is then covered with a small plaster (Seirin Pyonex ear needle; 1.80Â 0.26 mm; Seirin, Japan). For each participant receiving manual AA, a stud needle was inserted at 3 specific AA points (Shen Men, Lumbar Spine, and Cushion) (Fig. 1) . The acupuncture points were chosen after a review of acupuncture textbooks and RCTs, and were tested for insertion time and safety in a pilot study (n = 5). A member of the research team monitored the acupuncture treatments on a regular basis throughout the trial to ensure correct technique and needle placement. Participants were asked to record how often they manually stimulated the stud needles and any reason for early removal (if applicable) during the 48-hour treatment period in a weekly diary during the 6-week intervention phase of the trial. In addition, participants were able to report any concerns to the physiotherapists during their weekly visit to the University. 12 
Telephone Support Helpline
After the 6-week supervised exercise program (± manual AA), participants were advised and encouraged to continue with daily self-directed physical activity, agreed with the physiotherapist. During this unsupervised exercise period, a free telephone support helpline was available for 6 weeks. This was accessible for those participants who felt they needed advice and support from the trial physiotherapists, or to answer any queries or concerns. Participants' use of the free telephone helpline was monitored to establish the value of such a service in a future RCT.
Outcome Measures
Outcome Measures Were Assessed by a Blinded Assessor
Outcome measures assessed the 5 core domains as recommended by Bombardier (2000) 24 and were collected at baseline, and by postal questionnaire at week 8, week 13, and at 6 months. The primary outcome measure was functional disability using the Oswestry Disability Questionnaire (ODQ). Other outcomes included quality of life (EuroQol 5D), low back/leg pain and bothersomeness (Visual Analogue Scale), physical activity (International Physical Activity Questionnaire, daily diary), fear-avoidance beliefs (FearAvoidance Beliefs Questionnaire), back beliefs (Back Beliefs Questionnaire), beliefs about Complementary and Alternative Medicine (Holistic Complementary and Alternative Health Questionnaire), self-efficacy (General Self-Efficacy Scale), and medication intake (daily diary). Self-exercise performed after the 6-week supervised exercise program was monitored by participants completing a weekly physical activity diary at week 13 and 6 months. In addition, participant expectation and satisfaction (Baseline and Exit Questionnaire) were assessed. Further details on the psychometric properties of these outcome measures are provided in the study protocol.
were not performed or reported. Treatment effect with 95% confidence interval (CI) was estimated at each follow-up time point for the clinical outcomes.
RESULTS
Recruitment and Follow-up
Participant flow and retention are displayed in Figure 2 . A total of 52 participants were recruited which included 6 cohorts, with an average of 8.5 participants per cohort. One participant was excluded from the main analyses as they did not attend baseline assessment or provide any data at the subsequent follow-up time points. Therefore, 51 participants were randomly assigned to 1 of 2 treatment groups: (1) "E Group" (n = 27); (2) "EAA Group" (n = 24). Follow-up data were obtained from 85% of participants at 6 months.
In total, 35 patients (from 10 GP practices) were referred to the trial by prospective GP referral, with 11 included (31% recruited). There was a mean of 3.5 participants identified per practice, with an average of 1.1 participants recruited and randomized per practice (practice recruitment rate = 0.01 per 1000 patients registered). Table 2 shows the baseline characteristics of the 51 participants included in the main analyses. The mean age of participants was 42.8 ± 12.4 years (mean ± SD), and 63% were female. The mean duration of LBP was 9.9 ± 9 years (mean ± SD). The mean baseline score for the ODQ was 24.1 (95% CI, 21.2-27.1); this indicates a moderately functionally disabled CLBP population.
Baseline Characteristics
Treatment Effect
All participants (n = 51) received treatment as allocated. Table 3 presents the mean change scores (± 95% CI) from baseline for all outcome measures.
Participants in the EAA group demonstrated a mean improvement of 10.67% points (95% CI, À15.36, À5.97) in the ODQ at 6 months compared with 6.67% points (95% CI, À 11.44,À 1.90) in the E group. The number of participants achieving the minimal clinically important difference (MCID) (8% points) for the ODQ were similar in both groups (EAA group = 41.7%; E group = 40.7%).
Participants in the EAA group demonstrated a mean improvement of 0.18 (95% CI, 0.12-0.25) in the EQ-5D (Weighted Health Index) at 6 months compared with 0.07 (95% CI, À 0.02, 0.16) in the E group. This difference between groups was deemed clinically important (>0.05 points).
25 Table 3 shows a similar trend in superior clinical benefits for the EAA group for LBP and bothersomeness, and fear-avoidance beliefs. However, there were no MCIDs observed between the groups for these clinical measures.
The majority of participants in both groups expected the exercise program to provide at least "some help" for their LBP (EAA group = 95.9%; E group = 88.9%). All participants in both groups expected the addition of AA to an exercise program to be of "great" or "some help" with a higher level of expectation expressed by those in the EAA group.
The majority of participants in both groups were "very satisfied" with the overall care they received during the course of the trial (EAA group = 89.5%; E group = 70.8%). The same trend was shown for level of satisfaction with the treatment received and the advice given during the trial. Over 90% of participants in both groups felt that the treatment they received was of at least "some benefit" for their LBP (EAA group = 94.7%; E group = 95.6%). A greater number of participants indicated a preference for the EAA group before randomization (EAA group = 54.2%; E group = 33.3%).
A greater number of participants in the E group (73.9%) thought that the treatment received had changed the number of pain relieving tablets they had taken compared with the EAA group (42.1%). The majority of participants in the E group had either reduced their tablet intake (35.3%) or stopped taking tablets altogether (52.9%) at 6 months.
Adherence
Participants attended a mean of 4 exercise classes (SD 2.11); overall attendance rate was 68.3%. Participants in the E group attended more classes (72.2% ± 36.1%) (mean ± SD) than the EAA group (64.6% ± 34.5%) (mean ± SD). Nonadherence was defined as those who failed to attend Z4 exercise classes as this was suggested as being the minimum number of classes required to show a positive outcome. 26 Those who met the criteria for nonadherence (n = 15) were younger, a smaller number of them were employed, they had a greater number of episodes of LBP in the past 6 months, and experienced pain on a greater number of days per week.
Adverse Effects
Participants recorded a number of adverse events with respect to AA that were expected, such as pain (14%), redness (2%), and minor bleeding (1%) at the site of insertion. In addition, there was n = 1 incidence of confirmed swelling around the needle insertion site, in a participant who did not disclose a history of rheumatoid arthritis (one of our exclusion criteria) during the initial screening. AA in this participant was discontinued and the swelling resolved.
Sample Size for a Main Trial
The effect size for the primary outcome measure (ODQ) for the EAA group was considerably larger than for the E group at 6 months (EAA group = 1.20; E group = 0.58). A sample size calculation using the proposed MCID of 8% points 23, 27 between groups for the ODQ and the SD from this study (11.50 ), based on a 0.05 a level and 80% statistical power, demonstrated a sample size of 32 per group would be required for individual randomization. Reason for drop-out: n=1 eye surgery contraindicated exercise; n=1 withdrew as unhappy with group allocation; n=1no response to contact; n=1 not interested Using the variance inflation factor (intracluster correlation coefficient = 0.10; mean cluster size = 8.5), a sample size of 56 per group would be required for a fully powered RCT using cluster randomization.
DISCUSSION
The primary aim of this study was to test the feasibility of conducting a fully powered RCT to investigate the effects of adding AA to the "Back to Fitness" program 20 for people with CLBP. Results showed that participants in the E group maintained an improvement of 6.7% points for functional disability at 6 months follow-up, which is comparable with the findings reported in the "Back to Fitness" study. 15 In addition, results showed an increased functional benefit of 10.7% points for the EAA group at 6 months; however, this difference was not clinically important. The findings of a similar trend in clinical benefits for quality of life (which was clinically important), fearavoidance beliefs, low back pain, and bothersomeness at 6 months for the EAA group are encouraging and support the need for further investigation of the additional benefits of AA combined with exercise for people with CLBP. Although current findings contribute to the growing body of evidence in the field of AA for musculoskeletal pain, these must be interpreted with caution given the lack of statistical power inherent in this study.
Factors to Consider When Recruiting for a Future Trial
Several investigators have highlighted problems with trial recruitment, and recommended potential strategies to overcome these. [28] [29] [30] This study piloted a number of recruitment methods to inform a future fully powered trial better. Recruiting by prospective GP referral alone was not sufficient in this feasibility trial to attain the required sample size. The use of retrospective GP referral increases the effectiveness of recruitment as it does not rely on recent patient presentation to their GP. To target GP practices for a future trial, the study should take into account those practices which have been identified as prepared and equipped to carry out research or part of a primary care research network. This would ensure that recruitment is maximized within available resources, for example, appropriately trained personnel, and office space.
Choosing an Appropriate Study Population
As previously highlighted, the study failed to demonstrate a clinically important difference between groups for the ODQ. For a future RCT, the use of a functional disability cutoff point at recruitment could be used to ensure that a more appropriate population (moderateseverely disabled) is recruited; this approach has been used successfully in previous RCTs [3 to 4 points on the Roland Morris Disability Questionnaire (RMDQ) 21, 31, 32 ].
Exercise Classes
The recent National Institute for Health and Clinical Excellence guidelines 2 recommended that exercise programs for CLBP consist of a maximum of 8 sessions over a 12-week period with up to 10 people, and should incorporate aerobic activity, movement instruction, muscle strengthening, postural control, and stretching. In addition, to aid participants' adoption of a self-management approach, a "refresher class" could be offered a number of weeks postintervention. 21 This study was based on a 12-week intervention program comprising 6 weeks supervised exercise followed by 6 weeks unsupervised exercise with optional telephone support. In addition, telephone contact was made at week 13 to assess goal attainment and subsequently reset goals. The components of the exercise class incorporated findings from a previous review. 6 
Adherence
This study showed a mean attendance rate to the group exercise classes of 68%. In addition, the E group demonstrated an 8% greater attendance rate than the EAA group. This finding was not as anticipated, that is, that the addition of AA would provide adequate pain control therefore limiting exercise-induced exacerbations in pain and allowing the participant to be more adherent with exercise. One possible explanation is that the AA provided adequate pain control and the participants gained confidence and felt able to self-manage, therefore negating the need to attend the exercise classes. There is a dearth of evidence investigating adherence with exercise and advice in the CLBP population. 33 A number of strategies were used in this trial to encourage adherence with exercise including the use of Specific Measureable Achievable Realistic Timed principles to aid goal setting in conjunction with the physiotherapists, encouraging participants to monitor their own adherence with exercise, and reviewing goals at week 13.
Manual AA
As previously stated, there is a paucity of research on AA and musculoskeletal pain and further research is necessary to define adequate AA treatment parameters. In addition, the mechanism underpinning the effectiveness of AA is poorly understood and warrants further investigation. Although a small number of minor adverse effects were reported for AA during the course of the trial, these are considered minimal when compared with the reported side effects of alternative treatments such as nonsteroidal anti-inflammatories. 34 In addition, particular care needs to be taken to screen out people with rheumatoid arthritis and other inflammatory conditions due to the risk of adverse events in this group with AA.
Telephone Support Helpline
A telephone support helpline was available to participants for the 6 weeks after the completion of the supervised exercise classes; however, this helpline was not used. Qualitative exploration of this matter revealed that participants did not feel they needed it. Given the cost implications for running such a service, its inclusion in a future trial needs to be carefully considered. However, the follow-up phone call that participants received at the end of week 13 regarding exercise adherence and goal reviews was useful and should be included in a future trial. In addition, consideration should be given to physiotherapists contacting participants by e-mail, text message, or phone call to act as a prompt for exercise.
Training and Monitoring
Physiotherapists in this study undertook 3.5 days of training in total for the exercise classes, AA and CBT principles supplemented by specially devised manuals. A future study, which would run over a longer time period should consider offering refresher training throughout the course of the trial. In addition, training DVDs for the physiotherapists and outcome assessors would aid standardization of treatment delivery. It is also worth considering monitoring approximately 10% of classes on an ad hoc basis at random time points to ensure standardized and accurate treatment delivery.
Outcome Measures
Choice of outcome measures and timing of assessment is of key importance in any trial. As this was a feasibility study, a number of outcome measures were piloted. It is important that the outcome measures chosen for the main RCT cover the 5 specific domain. 24 The ODQ was the primary outcome measure for this feasibility study. The majority of CLBP research has used either a measure of functional disability 15, 21 or quality of life 35 as the primary outcome measure. Two of the most commonly used back-specific measures are the RMDQ and the ODQ. 36 As indicated above, it has been suggested that the RMDQ is more sensitive to change in people with mild-moderate levels of functional disability due to their LBP, whereas the ODQ is more responsive to change in those who are severely disabled. 37 Therefore, the choice of primary outcome measure in the main trial requires careful consideration.
CONCLUSIONS
Activity alongside adequate pain control has been advocated to encourage self-management strategies for the treatment of recurrent exacerbations of CLBP. 1 The purpose of this study was to test the feasibility of adding AA to an evidence-based exercise program for people with CLBP. An essential requirement for the success of such a trial is a critical appraisal of the planned design and methods. This study highlighted a number of issues with regards to the choice of primary outcome measure, timing of follow-up, and eligibility criteria. In addition, given the common issue of failure to meet recruitment targets, careful consideration must be given to how GPs and participants will be recruited. Results demonstrated a trend toward increased benefit for clinical outcomes when AA is added to an evidence-based exercise program. This is encouraging and supports the further investigation of the additional benefits of exercise and AA for people with CLBP in a fully powered RCT.
